ABSTRACT: Studies on spatial diversity in species composition, dominance patterns and abundance of malacocenoses in the Zegrzyñski Reservoir were carried out in the late 1990s, and changes since the 80s were assessed. The malacocenoses of the reservoir in the 90s were characterized by a considerable structural diversity and varied abundance. The species diversity was higher in the littoral while the abundance was generally higher in habitats located farther from the shore. After a period of rapid development of the 80s, in the 90s the malacofauna stabilised at a lower level of abundance and species richness, while the dominance patterns became more pronounced. The phenomenon could be related to progressive eutrophication as well as ageing of the reservoir. Compared to other dam reservoirs the mollusc fauna of the Zegrzyñski Reservoir is still quite rich in terms of both abundance and number of species.
INTRODUCTION
Succession of macrobenthic taxocenoses, including malacocenoses, beginning in newly-created dam reservoirs, depends on formation and changes of environmental conditions. As a rule, during the first years of the reservoir's existence, the macrobenthos develops rather rapidly (PATERSON & FERNANDO 1969 , PETR 1972 , VOSHELL & SIMMONS 1984 , which is followed by a stabilisation of abundance (and/or biomass) at a level depending mainly on the trophic status of the reservoir (BAXTER 1977 . When an influx of nutrients is limited, benthos impoverishment may take place (MORDUKHAY-BOLTOVSKOY 1961 , 1971 , PODDUBNAYA 1966 , SOKOLOVA 1971 , HRUSKA 1973 , ARMITAGE 1977 , though nowadays the impoverishment is usually only transitory, because of strong eutrophication resulting from human activity. Benthos development is stimulated by increasing trophy (e.g. KRZY¯ANEK et al. 1986 , DUSOGE 1989 , DUSOGE et al. 1990 , PEROVA & SHCHERBINA 1998 , but excessive eutrophication causes reduction in the density and biomass of the bottom organisms, decreasing their diversity and changing the dominance patterns (e.g. BUTORIN 1978 , BORODICH & LYAKHOV 1983 , KRZY¯ANEK 1986 , JURKIEWICZ-KARNKOWSKA 1998 .
Temporal changes in environmental conditions are influenced not only by eutrophication, but result also from reservoir's ageing associated with increasing thickness of the bottom sediment layer and its spatial differentiation. The shallows are the first to show ageing symptoms (ZIMBALEVSKAYA et al. 1984) : in habitats where the flow is the slowest, a thick layer of fine-grained sediment develops. In such habitats the most drastic reduction of malacocenoses was observed (e.g. JURKIEWICZ-KARNKOWSKA 1998) . The direction of macrozoobenthos succession may change as a result of severe disturbances of hydrological regime, such as floods or a considerable drop in the water table, followed by its return to a normal level. In such situations an increase in the abundance of bottomThe aim of this study was an analysis of spatial diversity in species composition, abundance and dominance patterns of malacocenoses of the Zegrzyñski Reservoir in the late 90s, as well as an assessment of changes which have taken place since the period of rapid development of malacocenoses in the 80s.
STUDY AREA AND METHODS
The Zegrzyñski Reservoir, established in 1962 through damming of the Narew and Bug rivers, is one of the largest dam reservoirs in Poland. Its surface area is 33 km 2 , and capacity -100 mln m 3 . It is relatively shallow (mean depth ca. 3.5 m, maximum depth at dam up to 9 m), with mean retention time from 1 to 15 days. The resevoir was an object of numerous studies. Data on environmental conditions were reviewed by KAJAK & DUSOGE (1989) and KAJAK (1990) . The water, as well as the bottom sediments of the reservoir, contain much phosphorus, oxygen conditions vary and periodical oxygen deficits may occur. Data on the quality of the reservoir environment indicate that its trophic status still remains at high level (RAPORT 1997) .
Samples of bottom molluscs were taken three times in 1997 (May, July, September) and July 1999, within 8 transects located in various parts of the reservoir (Fig. 1) , using Ekman-Birge's grab with catching area of 225 cm 2 , and a dredge (working side length 35 cm) which was pulled along a fixed distance of bottom (semi-quantitative samples, particularly useful when investigating big molluscs). The samples were washed on a sieve of 0.5 mm mesh. Parallelly, qualitative investigations of the malacofauna were carried out, especially of macrophyte-associated molluscs. The molluscs were preserved with 4% formaldehyde solution and 75% ethanol. They were identified according to PIECHOCKI (1979) and PIECHOCKI & DYDUCH-FALNIOWSKA (1993) , and counted. After drying at 105°C, they were weighed with the accuracy of 0.01 g. Frequency (F) of particular species in the reservoir was calculated as percentage of the samples containing a given species in the total number of samples. The data were statistically analysed with Statistica software.
RESULTS

SPECIES COMPOSITION
In the quantitative samples 21 mollusc species were found, and further 8 species, mainly pulmonate snails, were recorded during supplementary qualitative studies. In total, 15 snail species (4 of them prosobranchs) and 14 bivalve species were recorded ( Table 1 ). The number of species was the highest in the mid part of the reservoir which is the most diverse ( Fig. 2A) . A comparison of malacocenoses of particular transects revealed that the malacofauna of the mouth sections of the rivers Narew (transect I), Bug (transect II) and Rz¹dza (transect III), and the section Zegrzynek-Rynia in the mid part of the reservoir (transect IV) was relatively rich (Fig. 2B ).
In the littoral zone the species richness of the malacofauna (28 species) was higher than in habitats located farther from the shore (18 species). This pertains to each part of the reservoir, especially mid and lower ones ( Fig. 2A) . Within the transects the difference was not pronounced in all cases, and in the mouth section of the Bug river (section II) the maximum species number was even higher in the central zone (Fig. 2B) .
In the mid, widest part of the Zegrzyñski Reservoir differences in species richness of malacofauna of habitats influenced by the Bug river (left shore of the reservoir) and the Narew river (right shore) were observed (Fig. 2C) . Generally, in habitats of the left shore, especially in the littoral zone and in the stag- nant environment (transect VI), the malacocenoses were poorer in species compared to the right shore. In the stagnant environment and the right shore of the reservoir, the number of species was higher in the littoral zone than in the habitats located more centrally. The spatial diversity of species richness, though in some cases distinct, generally was statistically insignificant (LSD test, p<0.05 3.
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Gastropoda:
Prosobranchia: Theodoxus fluviatilis and Ancylus fluviatilis, found only during qualitative investigations in the mouth section of the Narew river, are snails limited to habitats with running water.
DOMINANCE PATTERN
In 1997-1999 the main dominants in the malacofauna of the Zegrzyñski Reservoir were V. viviparus and D. polymorpha. The former species was common in the whole reservoir, the latter in its mid and lower parts. In habitats with abundant occurrence of D. polymorpha, the proportion of the mussel in the whole malacocenosis was up to several times higher compared to that of V. viviparus.
The average proportion of each of the dominant species in the malacofauna of the reservoir exceeded 30% (for D. polymorpha the value was slightly higher). The proportion of V. viviparus was somewhat higher in the littoral than in the habitats located more centrally; the reverse was true in the case of D. polymorpha. Except the above-mentioned species, small bivalves of the family Sphaeriidae constituted a significant component of the malacofauna (24%). The proportion of unionid bivalves exceeded 4%.
A considerable diversity in the dominance pattern was observed along the reservoir. In its upper part V. viviparus dominated, especially in the littoral zone (Fig. 3A) . In the other parts dominance of D. polymorpha was strongly pronounced, while the proportion of Sphaeriidae ranged from 3 to 14% and decreased towards the dam.
The dominance pattern was heterogenous also within particular parts of the reservoir and transects (Fig. 3A, B) . In the upper part, a clear difference was observed between the malacocenoses of the mouth sections of the Narew and Bug rivers, especially in the current zone (Fig. 3A, B) . Malacocenoses of the transects of the mid part of the reservoir also varied in this respect. Different dominant patterns were found in the habitats influenced by the Bug river, where a clear dominance of D. polymorpha was evident, and those affected by the Narew river, with the dominance of V. viviparus (Fig. 3C ). When the stagnant habitat (transect VI), with its unusually high abundance of D. polymorpha, is excluded from the comparison, the dominance pattern on both sides of the mid part of the reservoir becomes more similar (Fig. 3C) . The proportion of Sphaeriidae in the zone influenced by the Bug river was considerable and higher than such proportion in the habitats influenced by Narew. In the lower part of the reservoir differences in the dominance pattern between the two investigated transects were clear only in the littoral (Fig. 3B) .
ABUNDANCE AND BIOMASS
The mean mollusc densities approached 900 indiv./m 2 , but the abundance varied widely both between the parts of the reservoir and within the transects. Statistically significant differences in the mean abundance were found between the upper and lower parts of the reservoir, as well as between its mid and lower parts (LSD test, p<0.005 and p<0.02, respectively). Differences in the mean density of molluscs within the transects were statistically significant only in 36% cases (Table 2 ) and concerned mainly transects VI and VII. Generally, the mean abundance increased downstream the reservoir (Fig.  4A, B) , though the tendency was less clear and the values of density lower along the right shore (Fig. 4C) . Differences in the mean abundance of molluscs between the littoral and the central zone were insignificant in the upper part of the reservoir; in the mid and lower parts they were greater but still statistically insignificant (Fig. 4A, B) . Higher densities were observed in centrally located habitats compared to the littoral zone in the upper and mid parts of the reservoir, while in its lower part the malacofauna was more abundant closer to the shore.
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Ewa Jurkiewicz-Karnkowska The highest mollusc density (on an average from 1,500 to over 2,000 indiv./m 2 ) was observed in habitats where D. polymorpha dominated (transects VI, VII), and the lowest (on an average several dozen indiv./m 2 ) -in the mouth section of the Bug river (Fig. 4B) . Within other transects the mean density was of the order of several hundred indiv./m 2 bottom area. In spite of differences in abundance between the littoral and central zones (though statistically insignificant), there was no homogenous tendency in this diversity within partcular transects, however, in general, the mollusc density in deeper habitats was higher than or equal to the respective values in the littoral zone (except transect VIII). The maximum mollusc abundance was observed in the stagnant habitat (transect VI -6,940 indiv./m 2 ) and near the dam (transect VIII -3,640 indiv./m 2 ); the minimum -(several dozen indiv./m 2 ) in some habitats in the upper and mid parts of the reservoir. habitats influenced by the Bug and Narew rivers (C). I -VIII -see Fig. 1 ; BR -habitats influenced by the Bug River, BR* -BR excluding stagnant habitat (section VI), NR -habitats influenced by the Narew River
The mean mollusc biomass in the Zegrzyñski Reservoir amounted to 285 g dry weight/m 2 ; the highest value was observed in the lower part of the reservoir, while in its upper and mid parts the values were similar (Fig. 5A, B) . This pertained also to each of the two zones: littoral and central. Statistically significant differences in the mean biomass were found between the upper and lower parts of the reservoir, and its mid and lower parts (LSD test, p<0.05 and p<0.006, respectively). A comparison of the mean biomass between the transects revealed statistically significant differences only in 18% cases ( Table 2 ). The biomass in the centrally located habitats was higher than in the littoral zone (Fig. 5A, B) .
The highest mean biomass (almost 600 g dry weight/m 2 ) was observed near the dam (transect VIII), the lowest (over 50 g dry weight/m 2 ) -in the mid part of the reservoir (transect IV). The maximum biomass was recorded in transect VIII (over 1,200 g dry weight/m 2 ), the minimum -0.13 g dry weight/m 2 -in the stagnant habitat (transect VI), being also characterized by the widest range of biomass values. In most habitats, the biomass was of the order of several dozen to a few hundred g dry weight/m 2 . The mean mollusc biomass in the mouth section of the Narew river (transect I) was significantly higher, compared to the mouth section of the Bug river (transect II), however in the mid and lower parts of the reservoir the biomass along the left shore, influenced by the Bug river was higher than along the right shore (Fig. 5C) .
In particular parts of the reservoir and in the transects (except V) a statistically significant correlation was found between the mollusc abundance and biomass (Table 3) .
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DISCUSSION
Earlier data on the malacofauna of the Zegrzyñski Reservoir, contained in the papers by JURKIEWICZ-KARNKOWSKA (1986 , GRU¯EWSKI (1988) , LEWANDOWSKI et al. (1989) and DUSOGE et al. (1990) , make it possible to trace some of the changes in the malacocenoses since the period of their rapid development in the 80s.
In comparison with the 80s, an impoverishment in the mollusc species diversity is observed in the Zegrzyñski Reservoir. During quantitative investigations ca. 50% species recorded by DUSOGE et al. (1990 DUSOGE et al. ( ) in 1986 DUSOGE et al. ( -1988 were not found. Taking into consideration molluscs collected only in qualitative investigations, a decrease in the species number by ca. 30% is observed compared to the data from the early 80s (JURKIEWICZ-KARNKOWSKA 1989) mental conditions associated with the lack of severe disturbances of the hydrological regime, increase in the bottom sediment thickness and ageing of the reservoir biocenosis. An important limiting factor may be eutrophication (KAJAK 1990 , RAPORT 1997 . Disappearance of many small bivalves of the genus Pisidium, which are sensitive to water pollution, e.g. increased trophy (PIECHOCKI & DYDUCH-FALNIOWSKA 1993 , KRZY¯ANEK 1994 , PEROVA & SHCHERBINA 1998 , may be attributed to eutrophication of their habitats. An increased proportion of Anodonta among the total number of unionids may also result from eutrophication; such a situation was reported e.g. by METCALFE-SMITH et al. (1998) . A limiting effect of eutrophication on the mollusc species diversity was observed by various authors (e.g. HARMAN & FORNEY 1970 , PIP 1987 , MOUTHON 1996 , HARMAN 1997 , PIECZYÑSKA et al. 1999 . The number of mollusc species found in bottom samples from the Zegrzyñski Reservoir in 1997-1999 has not changed significantly since 1995 and thus it may indicate stabilisation of the malacofauna composition in the 90s at the level clearly lower than that observed 10 years earlier. The frequency of many molluscs that were common in the 80s has changed (Table 4) . Since the beginning of the 80s the frequency of V. viviparus has increased and in mid 90s its range within the reservoir stabilised. At the same time, D. polymorpha has considerably expanded within the reservoir and its frequency increased till the end of the 90s. A slight increase in frequency of A. anatina was observed, compared to the data from the 80s. The frequency of bivalves of the genus Sphaerium has remained unchanged in spite of the reduced range of S. rivicola and S. solidum, because at the same time S. corneum has became more common in some of the habitats. The frequency of bivalves of the genus Pisidium has decreased considerably, many species were not found at all and the remaining ones were rare. Some snails common in many habitats of the Zegrzyñski Reservoir in the 80s, such as V. piscinalis and L. naticoides (GRU¯EWSKI 1988 , JURKIEWICZ-KARNKOWSKA 1989 , DUSOGE et al. 1990 ) have decreased considerably in frequency or disappeared completely since the 80s (Table 4) .
As a result of disappearance or decreased abundance of many species, followed by an increased proportion of V. viviparus and D. polymorpha in the malacocenoses, the dominance patterns have become more pronounced since the 80s. In the mouth sections of the Narew (both in the littoral and central zones) and Bug rivers (especially in the littoral), the dominance of V. viviparus has increased during the last 10 years. At the same time the contribution of unionids has remained at a similar level, whereas the proportion of Sphaerium has increased slightly in the littoral zone, because of the increased abundance of S. corneum. The proportion of Pisidium and V. piscinalis in the malacocenoses has decreased considerably, whereas V. naticina and L. naticoides have disappeared completely (empty shells, however, were found). In the mid part of the reservoir, the dominance of D. polymorpha has increased. At the same time the role of V. viviparus in the dominance relations has decreased, especially along the right shore where in 1995 the snail still constituted over 90% molluscs in the littoral zone (at present 50%). The percentage of Sphaeriidae and V. piscinalis has decreased as well. In the mouth section of the Rz¹dza river, a noticeable proportion of Lymnaeidae was observed close to the shore. The dominance of D. polymorpha has increased also in the lower part of the reservoir. An abundant occurrence of this mussel within some habitats of this part of the reservoir was reported as early as in late 80s (GRU¯EWSKI 1988 , DUSOGE et al. 1990 . Since that period the increase in abundance of D. polymorpha has been so intense that the proportion of V. viviparus in the malacocenoses has decreased de-144 Ewa Jurkiewicz-Karnkowska Table 4 . Changes in the frequency of selected (most common in 1986 -1987 ) mollusc species between 1986 -1987 , 1995 and 1997 a -littoral zone, b -central zone Taxa 1980 a -littoral zone, b -central zone Taxa -1981 a -littoral zone, b -central zone Taxa 1986 a -littoral zone, b -central zone Taxa -1987 a -littoral zone, b -central zone Taxa 1995 & LUFEROV 1966 , GIZIÑSKI & WOLNOMIEJSKI 1982 , BORODICH & LYAKHOV 1983 , GIZIÑSKI et al. 1989 , PEROVA & SHCHERBINA 1998 . The mean abundance of molluscs has decreased many times in the mouth section of the Bug river and several times in the mid parts of the reservoir (transects IV and V); a trend resulting from a considerable reduction in abundance of many small bivalves (Sphaeriidae) and prosobranchs (L. naticoides, T. fluviatilis, V. piscinalis, V. naticina). The decrease in abundance of one of the main dominants, V. viviparus, in the mid part of the reservoir (transects IV and V) may result from worse trophic conditions in comparison with the upper part where sedimentation of a considerable amount of seston carried by the river takes place (SIMM 1990 ) and the lower part of the reservoir supplied by plankton coming from stagnant habitats. The changes in mollusc abundance observed in the mouth sections of the Narew and Rz¹dza rivers are small. In the stagnant habitat (transect VI) and the lower part of the reservoir the mollusc abundance has clearly increased, mainly due to the development of D. polymorpha population promoted by bottom character and favourable trophic conditions associated with considerable authochthonous plankton abundance (EJSMONT- KARABIN & WÊGLEÑSKA 1990 , SIMM 1990 ). In the majority of sections, except the one located near the dam, a decrease in mollusc abundance has occurred in the littoral zone since late 80s, whereas in the habitats located centrally the tendency is less pronounced, or even a significant increase in abundance was observed. Investigations in the littoral zone in 1995 (JURKIEWICZ-KARNKOWSKA 1998) also revealed a less distinct reduction of abundance in habitats located closer to the current compared to stagnant ones. In the littoral zone, being characterized by slow water exchange, a greater inflow of surface run-off and intra-reservoir processes, disadvantageous effects of eutrophication and ageing of the reservoir are visible earlier than in habitats located more centrally (SINGH 1983 , ZIMBALEWSKAYA et al. 1984 , DENISOVA et al. 1985 . The mean biomass of molluscs exhibits a smaller decrease compared to their abundance; this results from an increased abundance of large-sized species.
Despite the observed impoverishment, the malacofauna of the Zegrzyñski Reservoir is still fairly abundant and species-rich compared with other lowland or submontane reservoirs (cf. MITROPOLSKIY & LUFEROV 1966 , PODDUBNAYA 1966 , FERRARIS & WILHM 1977 , KRZY¯ANEK 1977 , BUTORIN 1978 , SMERNOY & MITROPOLSKIY 1978 , SOKOLOVA et al. 1980 , BORODICH & LYAKHOV 1983 , COOPER & KNIGHT 1985 ,¯BIKOWSKI 1995 . CONCLUSIONS 1. Malacocenoses of the Zegrzyñski Reservoir in the late 90s displayed a considerable spatial diversity of abundance and structure. 2. The species diversity of the malacofauna was higher in the littoral (pulmonate snails are associated mainly with this zone) while the abundance was generally higher in more centrally located habitats. 3. The dominance patterns have become more pronounced since the 80s; of all the species D.
polymorpha displayed the most evident increase in proportion. 4. After the period of a rapid development in the 80s, the malacofauna stabilised in the 90s at a lower level of abundance and species richness; this may be related to progressive eutrophication as well as to ageing of the reservoir. 5. Compared to other dam reservoirs, the malacofauna of the Zegrzyñski Reservoir is still quite rich in terms of abundance of number of species.
